zures have been reported to develop as a complication in 2.3% to 20.4% of patients [2] [3] [4] [5] [6] [7] [8] [9] . We studied patients with CSDH in whom seizures developed as a complication to investigate the status of patients at the onset of seizures and clarify risk factors for seizures.
Methods
A total of 1,085 patients with CSDH (1,257 hematomas) were admitted to the Department of Neurosurgery of our hospital and underwent surgery from January 2000 through December 2014. Craniotomy was performed in 3 patients (4 hematomas), reservoir placement in 5 patients (6 hematomas), and burr-hole surgery in 1,077 patients (1,257 hematomas). Burr-hole surgery was initially performed in 968 patients (1,135 hematomas) and was repeated because of recurrence in 109 patients (122 hematomas). We studied the 1,077 patients (1,257 hematomas) who underwent burr-hole surgery. Burr-hole surgery involved the following steps, performed with the patient under local anesthesia: burr-hole opening, irrigation, and hematoma removal. A drainage tube was placed in the hematoma space and was removed on the day after surgery, in principle; however, drainage could be continued at the discretion of the operator if computed tomography (CT) of the head revealed residual hematoma on postoperative day 1.
We studied 1,077 patients with CSDH (1,257 hematomas) who underwent burr-hole surgery under local anesthesia. The observation period was from the date of the diagnosis of CSDH or the onset of symptoms of CSDH to 1 month after operation. Seizures developed as a complica-
Abstract
Chronic subdural hematoma is one of the most commonly encountered diseases in neurosurgery. The treatment method is well established, but seizures develop as a complication in 2.3% to 20.4% of patients. We studied patients with seizures to clarify the status of patients at the onset of seizures and define risk factors for seizures. From January 2000 through December 2014, we studied 1,077 patients with chronic subdural hematomas (1,257 hematomas) who underwent burr-hole surgery in our department. To identify risk factors for seizures, we retrospectively compared the clinical characteristics of patients with seizures with those of patients without seizures. tion in 35 patients (36 hematomas), 11 of whom (11 hematomas) had a history of epilepsy. The type of epilepsy was posttraumatic symptomatic epilepsy in 6 patients (6 hematomas), symptomatic epilepsy after cerebral infarction in 3 patients (3 hematomas), symptomatic epilepsy after cerebral hemorrhage in 1 patient (1 hematoma), and idiopathic epilepsy in 1 patient (1 hematoma). When the 11 patients who had a past history of epilepsy were excluded, there were 24 patients with seizures as a complication (24 of 1,077 patients, 2.23%; 25 of 1,221 hematomas, 1.99%). Furthermore, patients who had seizures associated with any of the following postoperative concurrent diseases were excluded: acute subdural hematoma, cerebral infarction, or subdural abscess. We judged that seizures were caused by CSDH in 21 (1.95%) of the 1,077 patients (22 of 1,221 hematomas, 1.75%) (Figure 1 ). We diagnosed seizures on the basis of clinical findings, and electroencephalography was not necessarily performed. We diagnosed as a seizures with sightings of convulsions. The convulsions were general or partial seizures in some cases.
The following variables were studied: age, sex, activities of daily living (ADL) before onset, hematoma side, operation side, symptoms on admission, neurologic findings (level of consciousness, degree of hemiplegia) on admission, preoperative hematoma volume, preoperative hematoma density, initial episode or recurrence, whether the hematoma was organized or not, the presence or absence of trauma, seizure type (general or partial), time of seizure onset (preoperative or postoperative), treatment of seizures, control of seizures, ADL and outcome at discharge, and recurrence of CSDH. Furthermore, we compared patients who had seizures with those who did not have seizures. The following variables were studied: age, sex, smoking, drinking, hypertension, diabetes disease, liver disorder, renal function, malignant tumor, ischemic heart disease, stroke, neurosurgery, use of anticoagulant agents or not, use of antiplatelet agents or not, presence or absence of trauma, initial episode or recurrence, neurologic findings (level of consciousness, degree of hemiplegia) on admission, hematoma side, operation side, whether the hematoma was organized or not, irrigation solution, experience of the operator, preoperative hematoma density, preoperative hematoma volume, and discharge outcome. The results were analyzed statistically with the use of t-tests or chi-square tests. P values less than 0.05 were considered to indicate statistical significance. We retrospectively ascertained the study variables from the patients' medical records. If a medical record did not include the required variables or CT was not performed, we excluded it from analysis. ADL was evaluated according to the modified rankin scale (mRS), and the level of consciousness was evaluated according to the glasgow coma Seizures were caused by CSDH in 21 patients (22 hematomas). decreased as compared with the status at admission. Two patients died, one of acute myocardial infarction and the other of sepsis. There was no recurrence in the patients who had seizures. The characteristics of the patients with seizures are compared with those of the patients without seizures in (Table 3 and Table 4 ). There were statistically significant differences in the level of consciousness (GCS) on admission, the degree of hemiplegia on admission, the organization status of hematoma, and discharge outcome.
Discussion
The 35 patients with CSDH (36 hematomas) were classified into 3 types according to the cause of seizures. Type 1 included patients who had seizures caused directly by CSDH. Type 2 included patients who had a past history of epilepsy. Type 3 included patients with seizures that developed as a complication of burr-hole surgery. Type 1 comprised 21 patients (1.95%) with 22 hematomas (1.75%). Type 2 comprised 11 patients (1.02%) with 11 hematomas (0.88%). Type 3 comprised 3 patients (0.28%) with 3 hematomas (0.24%). The frequency of seizures tended to be lower than that reported previously (2.3% to 20.4%) [2] [3] [4] [5] [6] [7] [8] [9] . The present study focused on type 1 seizures, i.e., seizures caused directly by CSDH. We observed the patients from the date of diagnosis of CSDH or symptom onset to 1 month after surgery. Differences in the frequency of seizures among studies are thought to depend on whether all 3 types of seizures are included and when the observation period is terminated.
The onset of seizures was preoperative in 19 patients and postoperative in only 1 patient. In many patients, the seizures were well controlled after hematoma removal. The presence of hematoma is thought to contribute to the development of seizures. Reduced blood flow in the local cerebral cortex or gliosis caused by hematoma capsule formation is thought to participate in the mechanism of seizures [4, 6] . The fact that many patients with seizures had organized hematoma also suggests that hematoma influences seizures. One study reported that a prolonged period is necessary for a hematoma to become organized [10] . Long-term exposure to pressure due to a hematoma may reduce local blood flow in the cerebral cortex. In addition, microcirculatory disturbances have also been reported to participate in the organization of hematoma. Reduced blood flow caused by circulatory disease may also contribute to seizures. Seizures developed intraoperatively in 1 patient, and the use of an intraoperative drainage tube is considered a potential risk factor. As for the type of seizures, 3 patients had partial attacks, 9 patients had partial attacks followed by general attacks, and 9 patients had general attacks. The onset of many general attacks is not witnessed by a bystander, and the possibility that partial attacks led to general attacks should be considered. Because many patients initially had partial attacks, seizures were most likely induced by the presence of hematoma.
The factors that differed significantly between patients with seizures and those without seizures were the level of scale (GCS). Hemiplegia was evaluated on manual muscle testing (MMT).
The hematoma volume was estimated by region-of-interest (ROI) analysis of CT images. The hematoma areas on each CT image were totaled to derive the hematoma volume. We classified the hematoma density as low, isodense (iso), or high relative to the brain gray matter. When high density was mixed with low density, the hematoma density was assumed to be mixed. When low density and high density were mirror images, the hematoma density was assumed to be niveau. Diagnosis of hematoma organization was performed by intraoperative finding. When we confirmed organized hematoma rather than liquid during surgery, we diagnosed it as hematoma organization. The outcome at discharge was evaluated according to the glasgow outcome scale (GOS). Recurrence of a CSDH was defined as reoperation within 3 months after initial surgery.
Results
The clinical characteristics of the 21 patients (22 hematomas) who had seizures are summarized in (Table 1 and  Table 2 ). The mean age (± SD) of the patients with seizures was 75.5 (± 11.0) years, and the male: female ratio was 2:1. As for ADL before onset, 17 patients could independently look after their own affairs (mRS score, 2 or less). The hematoma site was the right side in 8 patients, the left side in 5 patients, and both sides in 8 patients. The operation side was the right side in 11 patients, the left side in 9 patients, and both sides in 1 patient. The main symptoms on admission were seizures in 12 patients, headache in 3 patients, disturbed consciousness in 2 patients, drowsiness in 2 patients, and dysarthria in 2 patients. As for the degree of hemiplegia on admission, the MMT score was 2 or less in 12 patients, 3 or 4 in 8 patients, and 5 in 1 patient. The mean hematoma volume (± SD) was 74.6 (± 41.8) ml. The hematoma density was mixed in 9 hematomas, niveau in 6 hematomas, iso in 4 hematomas, low in 2 hematomas, and high in 1 hematoma. Twenty-one hematomas underwent initial burr-hole surgery; 1 hematoma recurred. There were 3 organized hematomas, and 19 normal hematomas in the patients with CSDH. Ten patients clearly had a history of trauma. The seizure type was general attacks in 9 patients, partial attacks in 3 patients, and partial attacks followed by general attacks in 9 patients. The onset of seizures was preoperative in 11 patients, only intraoperative in 1 patient, only postoperative in 1 patient, and preoperative and postoperative in 8 patients. As for the treatment of seizures, 11 patients received intravenous and oral anticonvulsants, 4 patients received only oral anticonvulsants, and 6 patients were not treated. Seizures were well controlled by oral anticonvulsants in 11 patients. Furthermore, in 9 patients seizures were well controlled without treatment. Status epilepticus developed in 1 patient in whom seizures were poorly controlled, and the patient died of sepsis. As for the ADL at discharge, 13 patients could independently look after their own affairs (mRS score, 2 or less). In 9 patients, ADL at discharge had with seizures and those without seizures, the cause of seizures is apparently not only simple pressure applied by the hematoma. The possibility that capsule formation around the CSDH might have stimulated the cerebral cortex should be considered. Symptomatic epilepsy caused by trauma or stroke might have been affected by the formation of CSDH.
Seizures were the main symptom on admission in 12 patients. Although seizures associated with symptoms such as disturbed consciousness and dullness were not directly witnessed, if we assume that these symptoms are caused by seizures, many patients probably had seizures before presentation. Therefore, disturbed consciousness is thought to consciousness (GCS) on admission, degree of hemiplegia on admission, and the organization status of hematoma. These factors are considered risk factors for convulsions. There was no significant difference in age, personal habits (smoking status, alcohol intake), or past medical history between patients with seizures and those without seizures. There was also no significant difference in past trauma or neurosurgical procedures that than can potentially damage the cerebral cortex. Therefore, seizures were apparently not caused by damage of the cerebral cortex, and the presence of CSDH is thought to have contributed to the onset of seizures. Because the volume and density of hematoma did not differ significantly between patients risk of seizures. Even as CSDH undergoes organization, the main symptoms include seizures [10] . Organizing CSDH is difficult to diagnose on preoperative imaging alone and is usually diagnosed at operation [10] . Therefore, it is difficult to predict seizures before operation.
be considerable after seizures. Todd's paralysis is considered to frequently develop after seizures. Thus, risk factors for seizures might not be associated with neurologic findings on admission. Disturbed consciousness and hemiplegia on admission are considered to be caused by seizures.
Organization of a hematoma is thought to contribute to the 
